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Abstract

Introduction—Previous studies have suggested that metformin use may enhance the therapeutic 

effect of progestin therapy for endometrial hyperplasia or malignancy. However, it is not known 

how the impact of concurrent metformin may be altered by route of progestin therapy, either 

locally via an intrauterine device or systemically. This study examined the effectiveness of 

concurrent metformin use and progestin therapy for women with complex atypical hyperplasia 

stratified by progestin route (systemic vs local).

Methods—This single-institution retrospective study examined consecutive women with 

complex atypical hyperplasia who received progestin therapy from 2003 to 2018. Time-dependent 

analyses for complete response rate were performed comparing concurrent metformin users versus 

non-users in the oral progestin group and in the levonorgestrel-releasing intrauterine device group.

Results—Across the study cohort (n=245), there were 137 (55.9%) women who responded to 

progestin therapy. In the oral progestin group (n=176), the median age and body mass index were 

36 years and 37.7 kg/m2, respectively. 36 (20.5%) of women on oral progestins also took 

metformin. After controlling for diabetes status, women taking both oral progestins and metformin 

had a complete response rate similar to those not taking metformin (6 month cumulative rates, 

23.1% vs 27.8%, adjusted hazard ratio (aHR) 0.71, 95% confidence interval (95% CI) 0.36 to 

1.41). In the levonorgestrel-releasing intrauterine device group (n=69), the median age and body 
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mass index were 35 years and 39.9 kg/m2, respectively. There were 15 (21.7%) women who took 

metformin in addition to the levonorgestrel-releasing intrauterine device. After controlling for 

diabetes status, women who had the levonorgestrel-releasing intrauterine device and took 

metformin had a significantly higher complete response rate compared with those not taking 

metformin (6 month cumulative rates, 86.7% vs 58.9%, aHR 2.31, 95% CI 1.09 to 4.89).

Conclusion—In a predominantly obese population, concurrent metformin may possibly offer 

treatment benefit when used with the levonorgestrel-releasing intrauterine device.

INTRODUCTION

Complex atypical hyperplasia is a pathological pre-malignant lesion in the endometrium and 

is a precursor of endometrial cancer.12 Nearly 30% of women with complex atypical 

hyperplasia have progression to endometrial cancer, and up to 40% of women diagnosed 

with complex atypical hyperplasia are found to have an occult endometrial cancer at the time 

of hysterectomy.1-3 Total hysterectomy is the standard definitive treatment for complex 

atypical hyperplasia1; however, reproductive-aged women who desire future fertility or those 

who are poor surgical candidates may undergo medical treatment with progestin therapy.1 

Progestin therapy for complex atypical hyperplasia can be highly effective; nearly two thirds 

of women show complete regression.45 The remaining one third who have treatment failure 

with progestin therapy require additional or alternative treatment, even hysterectomy. One 

such strategy to overcome progestin-resistant complex atypical hyperplasia may be the 

adjunctive use of metformin concurrently with progestin therapy.

Metformin is an insulin-sensitizing biguanide commonly used in the treatment of type 2 

diabetes mellitus.6 Pre-clinical studies have shown anti-tumor activity via the mammalian 

target of rapamycin pathway in endometrial cancer.78 A prior clinical study also suggested 

that metformin may enhance the therapeutic effect of oral progestin therapy for women with 

atypical endometrial hyperplasia or malignancy (>80% complete regression rate).9 However, 

this trial lacked an active comparator, making their results difficult to interpret. Another trial 

with similar results had a control group but was fairly limited due to sample size (n=16).10 

Moreover, a 2017 systematic review remarked that there remains an insufficient body of 

evidence to support the pharmaco-adjunctive use of metformin with oral progestin in 

endometrial hyperplasia.11

Recently, several studies have suggested that the effectiveness of progestin therapy for 

complex atypical hyperplasia may differ by treatment route, and local progestin therapy may 

be more effective than systemic therapy, particularly in obese individuals.1213 Based on 

available data, we hypothesized that the effectiveness of concurrent metformin may differ 

depending on route of progestin therapy (systemic vs local). The objective of the current 

study was to examine the effectiveness of concurrent metformin use and progestin therapy 

for complex atypical hyperplasia in a predominantly obese population, stratified by 

progestin route (systemic vs local).
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METHODS

Data Source and Eligibility

This is a secondary exploratory analysis of a previously conducted retrospective study 

examining consecutive women with complex atypical hyperplasia who received treatment at 

the Los Angeles County Medical Center from 2003 to 2018.1314 Institutional Review Board 

approval at the University of Southern California was properly obtained (HS-11–00131). 

The study population comprised 245 women who were diagnosed with complex atypical 

hyperplasia and who received medical treatment with progestins . These women had 

received at least 1 month of progestin therapy (either oral or local) following the complex 

atypical hyperplasia diagnosis. Women with non-atypical or simple hyperplasia or 

endometrial cancer were excluded. Additionally, those who received multiple progestins or 

progestin therapy before the complex atypical hyperplasia diagnosis were excluded. Finally, 

women who did not have a follow-up biopsy performed at least 1 month following treatment 

initiation were excluded from the study.

Clinical Information

Variables recorded in the database included patient demographics, medical comorbidities, 

medication types, treatment response, and follow-up. Patient demographics at the initial 

complex atypical hyperplasia diagnosis included age, year, race/ethnicity, gravidity, parity, 

and body mass index. Endometrial thickness on ultrasonographic imaging at the time of 

complex atypical hyperplasia diagnosis was also abstracted. Medical comorbidities included 

diabetes mellitus, hypertension, hyperlipidemia, polycystic ovary syndrome, and reported 

infertility. Medication types included metformin, aspirin, statins, and β-blockers at the time 

of complex atypical hyperplasia diagnosis.

Progestin route of administration was grouped as systemic versus local based on the first-

line agent used after the initial diagnosis of complex atypical hyperplasia. Systemic 

progestins included oral medroxyprogesterone acetate, megestrol acetate, norethindrone, or 

intramuscular depo-medroxyprogesterone acetate (termed oral progestin group). Local 

therapy was defined as treatment with the levonorgestrel-releasing intrauterine device.

Treatment Follow-Up

In our practice, re-sampling of the endometrium is usually performed every 3 to 6 months in 

those who elect for medical management to assess treatment response. In those who achieve 

complete response, follow-up is generally continued in the same fashion but can be 

personalized, depending on specific patient risk factors or clinical considerations. Date of 

treatment initiation and last follow-up date were recorded. The chronologic sequence of 

complex atypical hyperplasia diagnosis, progestin therapy initiation, and treatment outcomes 

on follow-up endometrial biopsies were then ascertained from this information.

Study Definition

Body mass index was classified as: overweight (25–29.9 kg/m2), class I obesity (30–34.9 

kg/m2), class II obesity (35–39.9 kg/m2), and class III obesity (≤40 kg/m2).15 

Histopathology diagnoses of endometrial hyperplasia were based on the 1994 World Health 

Matsuo et al. Page 3

Int J Gynecol Cancer. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Organization criteria as: simple hyperplasia without atypia, simple hyperplasia with atypia, 

complex hyperplasia without atypia, and complex hyperplasia with atypia.2

Response for progestin therapy was categorized as: complete response, defined as no 

residual hyperplasia identified on subsequent biopsies; partial response, defined as 

regression of complex atypical hyperplasia to simple or non-atypical hyperplasia; persistent 

disease; and progression to cancer. Overall response refers to complete response and partial 

response. Time to treatment response was defined as the time interval between initiation of 

progestin therapy and the first follow-up biopsy demonstrating treatment response. The last 

follow-up was defined as the time interval between progestin therapy initiation and the last 

endometrial biopsy. Cases were censored at the last follow-up if an outcome event was 

absent. Women who changed progestin therapy route, changed to a different progestin agent, 

initiated combination progestin therapy, or underwent hysterectomy were censored at those 

time points.

Statistical Consideration

The primary objective of the analysis was to examine the effectiveness of concurrent 

metformin use during progestin therapy stratified by route of progestin administration 

(systemic vs local). The study cohort was grouped as oral progestin versus levonorgestrel- 

releasing intrauterine device. In each cohort, women were divided based on metformin use 

(users vs non-users), and treatment response was assessed. The secondary aim was to 

identify the characteristics associated with metformin use.

Differences in baseline demographics between the two groups were assessed with the Mann-

Whitney U test, Fisher exact test, or χ2 test as appropriate. A binary logistic regression 

model was fitted to identify the independent characteristics associated with metformin use. 

The conditional backward method was used to retain only covariates with a p<0.05 level in 

the final model due to limited sample size. The effect size of statistical significance was 

expressed with odds ratio and 95% confidence interval (OR, 95% CI).

As treatment response to progestin therapy depends on follow-up duration, a time-dependent 

analysis was performed to assess progestin treatment response. Cumulative response curves 

were plotted with the Kaplan-Meier method, and differences in curves were assessed with 

the log-rank test. A Cox proportional hazard regression model was then used to estimate the 

effect size of metformin use on progestin therapy route and treatment response (complete 

response and overall response). A parsimonious adjustment model was fitted for this 

multivariable analysis, and the association between metformin use and treatment response 

was adjusted for independent factors associated with metformin use in each cohort. In an 

additional adjustment, the association was controlled for body mass index. This was based 

on the post-hoc assessment of the study population that showed different body habitus per 

treatment allocations. The effect size of statistical significance was expressed with adjusted 

hazard ratio (aHR) and 95% CI.

All statistical analyses were based on two-sided hypotheses, and p<0.05 was considered 

statistically significant. Statistical Package for Social Sciences (SPSS, version 25.0, 

Armonk, NY, USA) was used for all analyses. The STROBE (STrengthening the Reporting 
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of OBservational studies in Epidemiology) guidelines were utilized to outline this 

observational cohort study.16

RESULTS

Systemic Progestin Cohort

Across the study cohort (n=245), there were 137 (55.9%) women who responded to 

progestin therapy. There were 176 women who received systemic progestin treatment for 

complex atypical hyperplasia. Patient demographic characteristics are shown in Table 1. The 

median age and body mass index were 36 years and 37.7 kg/m2, respectively. The majority 

of women were obese (n=147, 83.5%), and nearly half were nulligravid (n=90, 51.1%). 

Diabetic women represented nearly one third of this group (n=56, 31.8%).

In the systemic progestin cohort, 36 (20.5%) women used concurrent metformin and the 

remaining 140 (79.5%) women received progestin therapy alone. In univariable analysis 

(Table 1), women who received metformin were more likely to have diagnoses of diabetes 

(77.8% vs 20.0%), dyslipidemia (61.1% vs 11.4%), and/ or polycystic ovary syndrome 

(33.3% vs 14.3%), and were more likely to also use a statin (22.2% vs 4.3%), compared 

with those who did not use metformin (all, p<0.05). On multivariable analysis (Table 1), 

diabetes mellitus (adjusted OR (aOR) 12.5, 95% CI 4.21 to 37.4), hyperlipidemia (aOR 

6.29, 95% CI 2.33 to 16.9), and polycystic ovary syndrome (aOR 6.20, 95% CI 1.83 to 21.1) 

remained independent factors associated with metformin use (all, p<0.05).

The median follow-up time was 9.0 months (IQR 3.5–31.1), and there were 60 (34.1%) 

women who had a complete response and 18 (10.2%) women who had a partial response 

(overall response, n=78, 44.3%). On univariable analysis (Figure 1A), metformin users had a 

cumulative complete response rate similar to those of non-users (6 month cumulative rates, 

23.1% vs 27.8%, and 1 year cumulative rates, 40.8% vs 45.8%, p=0.384). After controlling 

for diabetes status (Figure 2), metformin use was not associated with complete response 

(aHR 0.71, 95% CI 0.36 to 1.41; p=0.326). When controlling for body mass index, 

concurrent metformin was not associated with complete response (aHR 0.74, 95% CI 0.38 to 

1.46; p=0.390). Similarly, metformin use was not associated with overall response (online 

supplementary figure S1A and S2).

Local Progestin Cohort

There were 69 women who received the levonorgestrel-releasing intrauterine device for the 

treatment of complex atypical hyperplasia. Patient demographic characteristics are shown in 

Table 2. The median age and body mass index were 35 years and 39.9 kg/m2, respectively. 

Nearly half of women in this group were morbidly obese (class III obesity, n=34, 49.3%) 

and nearly half were nulligravid (n=37, 53.6%). Nearly one quarter of the group was 

diabetic (n=18, 26.1%).

In the levonorgestrel-releasing intrauterine device group (n=69), there were 15 (21.7%) 

women who took metformin in addition to the levonorgestrel-releasing intrauterine device, 

and the remaining 54 (78.3%) women did not. On univariable analysis (Table 2), metformin 

users were more likely to have diabetes (73.3% vs 13.0%), dyslipidemia (53.3% vs 20.4%), 
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and/or infertility (60.0% vs 27.8%) compared with non-users (all, p<0.05). On multivariable 

analysis (Table 2), diabetes mellitus (aOR 20.5, 95% CI 4.52 to 93.2) and infertility (aOR 

4.68, 95% CI 1.03 to 21.3) remained independent factors associated with metformin use 

(both, p<0.05).

The median follow-up time in the levonorgestrel-releasing intrauterine device group was 9.8 

months (IQR 4.1–23.3); there were 58 (84.1%) women who had a complete response and 

one (1.4%) woman who had a partial response (overall response, n=59, 85.5%). On 

univariable analysis (Figure 1B), metformin users had a significantly higher cumulative 

complete response rate compared with non-users (6 month cumulative rates, 86.7% vs 

58.9%, and 1 year cumulative rates, 100% vs 80.7%, p=0.007). After controlling for diabetes 

status (Figure 2), metformin users had a twofold increased likelihood of achieving complete 

response (aHR 2.31, 95% CI 1.09 to 4.89; p=0.030). After controlling for body mass index, 

metformin use was significantly associated with increased likelihood of achieving complete 

response (aHR 2.35, 95% CI 1.24 to 4.43; p=0.008). Similar results were observed for 

overall response (online supplementary figure S1B and S2).

DISCUSSION

A key finding of the current study is that the benefit of concurrent metformin may differ 

depending on the route of progestin therapy for complex atypical hyperplasia, particularly in 

obese women. Among women who received systemic progestin treatment, concurrent 

metformin was not associated with improved treatment response, whereas in women using 

local progestin therapy, treatment response was improved with the addition of metformin. 

Possible direct and indirect associations between progestin and metformin merit further 

discussion.

These findings suggest that systemic progestins may possibly limit any added benefit of 

concurrent metformin therapy. Metformin is typically given orally; thus, there is a possibility 

of a direct drug–drug interaction with oral progestins in the systemic circulation. In general, 

metformin-related drug–drug interaction involves transporters in enterocytes, hepatocytes, 

and tubular cells via multidrug and toxin extrusion transporter, organic cation transporter, 

and plasma membrane monoamine transporter.17 Thus, if progestin interacts with these 

transporters, it is possible that the metabolism of metformin could potentially be altered. A 

prior in vitro study showed that organic cation transporter activity may increase with 

progestin exposure in endometrial cancer cell lines,18 suggesting that a drug–drug 

interaction between metformin and oral progestin may be present via the organic cation 

transporter pathway. To date, in a contemporary view of literature, direct drug–drug 

interaction between metformin and oral progestin has not been examined but should be 

further investigated.17

Decreased efficacy of metformin in the systemic progestin group may also be due to indirect 

interactions between metformin and oral progestins. One possibility for an indirect effect is 

the impact of oral progestins on patients’ weight (Figure 3). A recent study showed that oral 

progestin use is associated with significant weight gain compared with local progestin 

therapy among women with complex atypical hyperplasia and endometrial cancer (2.95 kg 
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vs 0.05 kg weight gain in 1 year).19 Therefore, increased adiposity due to weight gain from 

oral progestin therapy may result in an increase in inflammatory cytokines from excess 

adipocytes that can stimulate oncogenesis in the endometrium.20 Given the fact that 

metformin’s anti-tumor activity seems to be via the inhibition of circulating pro-

inflammatory mediators rather than a direct anti-tumor effect, as demonstrated in a recent 

prospective study,21 weight gain may counteract the anti-inflammatory mechanism by which 

metformin exerts benefit in the setting of complex atypical hyperplasia.22

Therefore, local progestin therapy with the levonorgestrel- releasing intrauterine device may 

be an attractive approach to deliver progestin while maintaining the anti-inflammatory 

benefits of metformin in the treatment of women with complex atypical hyperplasia. The 

rationale for this hypothesis is based on the following: (1) our observation demonstrating 

higher treatment response with metformin in the levonorgestrel-releasing intrauterine device 

group but not in the systemic progestin group; (2) local therapy with levonorgestrel-releasing 

intrauterine device does not lead to weight gain19; (3) concurrent use of metformin during 

progestin therapy may be more effective in women with large body habitus23; and (4) large 

body habitus is associated with increased recurrence risk with progestin therapy.24 The latter 

two rationales suggest that the anti-inflammatory effects of metformin are responsible for its 

anti-tumor activity, particularly in obese women who have increased inflammation from 

adipose tissue. This effect may be evident with the levonorgestrel-releasing intrauterine 

device given the absence of weight gain, while weight gain from oral progestins may mask 

any positive effects of metformin. Further study is definitely warranted to support this 

hypothesis.

There are several limitations in this study. First, there is unmeasured bias in all retrospective 

observational studies. For example, we are unable to know details that contributed to the 

decision process for route of progestin therapy. The exact indication for, timing of, and 

compliance with metformin therapy were also not assessable. Similarly, patient compliance, 

adverse effects, and weight changes related to progestin treatment were not available but 

likely impacted the results. Second, information regarding glycemic control in diabetic or 

pre-diabetic patients was not included. Also, metformin dose, frequency, and duration of 

treatment were not assessed but may possibly interact with the analysis. Third, the majority 

of this patient population was Hispanic and obese, and generalizability to patients of 

different race/ethnicity or body habitus is unknown. The relatively lower response rate in 

this study compared with other studies may be secondary to the unique characteristics of our 

population with a high rate of morbid obesity, historically low rates of treatment compliance, 

and short follow-up intervals as described previously.1314 Fourth, while we speculated based 

on prior evidence that the mechanism of metformin’s anti-tumor effect is secondary to anti-

inflammatory pathways in excess adipocytes, this study does not provide actual data to 

support this theory. Lastly, a central pathology review was not performed for the diagnostic 

confirmation of complex atypical hyperplasia in the study. It is possible that the relatively 

low response rate to progestin therapy in our study may be due to misclassification of 

complex atypical hyperplasia and low-grade endometrioid endometrial cancer, as 

distinguishing the two diagnoses can often be challenging.2526
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In summary, our study suggests that concurrent use of metformin during progestin therapy 

may be more effective when the progestin is given with the levonorgestrel-releasing 

intrauterine device. As this recommendation is based on a single study of retrospective 

observation, prospective studies are surely necessary to confirm this finding. There is an 

ongoing randomized controlled trial comparing the complete response rates of the 

levonorgestrel- releasing intrauterine device with and without metformin for obese women 

with complex atypical hyperplasia or grade 1 endometrioid adenocarcinoma of the 

endometrium (NCT01686126).27 The study team used an estimated complete response rate 

of 68% (95% CI 45% to 86%) with levonorgestrel-releasing intrauterine device treatment 

and assumed a 60% increase in the estimated likelihood of complete response with 

metformin.28 Based on their sample size estimation, 45 patients will be examined for each 

group. This trial will ultimately help answer questions regarding the effectiveness of 

metformin as an adjunct to progestin therapy in complex atypical hyperplasia.
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HIGHLIGHTS

• In women taking oral progestins, concurrent metformin does not impact 

treatment response.

• Concurrent metformin was associated with improved response in women 

using the levonorgestrel-releasing intrauterine device.

• Effectiveness of concurrent metformin for complex atypical hyperplasia may 

depend on the progestin route.
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Figure 1. 
Cumulative complete response (CR) rate per metformin use. Log-rank test for p values. 

Cumulative rate of CR is compared with metformin users and non-users in (A) oral 

progestin therapy and (B) levonorgestrel-releasing intrauterine device (LNG-IUD) therapy.
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Figure 2. 
Adjustment models for association between metformin use and complete response (CR) 

(systemic progestin and levonorgestrel-releasing intrauterine device (LNG-IUD) cohorts). 

Cox proportional hazard regression test for adjustment models. Circles represent hazard ratio 

for the likelihood of CR or partial response (PR) with metformin compared with non-

metformin. Bars represent 95% confidence interval. *P<0.05. BMI, body mass index; DM, 

diabetes mellitus; HLD, hyperlipidemia, PCOS, polycystic ovarian syndrome.
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Figure 3. 
Hypothesis-generating schema for the interaction between metformin and systemic 

progestin. Possible pathways for the interaction of progestin and metformin in obesity are 

shown. Inflammatory cytokines from excess adiposity stimulate endometrial cells for 

oncogenesis. Metformin inhibits inflammatory cytokines from the adipocytes. Systemic 

progestin may cause weight gain, resulting in increases in inflammatory cytokines and 

decreases in the relative effectiveness of metformin. LNG-IUD, levonorgestrel-releasing 

intrauterine device.
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